Objective: To evaluate the potential anti-prostate cancer effects of Paris polyphylla ethanol extract (PPEE) and its underlying mechanisms. Materials and Methods: The anti-proliferation activity of PPEE was tested on PC3 and DU145 cells using Cell Counting Kit-8 assay. The pro-apoptotic and cell cycle arrest effects of PPEE were confirmed by flow cytometry. Apoptosis of prostate cancer cells was induced by PPEE through endogenous and exogenous pathways. A mouse xenograft model was used to examine its anti-prostate cancer effects in vivo. Results: We found that the IC50 of PPEE on PC3 cells was 3.98 µg/ml and the IC50 of PPEE on DU145 cells was 8 µg/ml. PPEE induced prostate cancer cell apoptosis in a concentration dependent manner, through endogenous and exogenous pathways. PPEE induced PC3 cell cycle arrest in G0/G1 and G2/M phases, while in DU145cell it induced cell arrest in the G0/G1 phase. PPEE inhibited the growth of prostate cancer cells in vivo. Conclusion: PPEE could inhibit
Anti-Cancer Effects of

Introduction
Prostate cancer is one of the most commonly diagnosed malignancies in men [1, 2] . Despite advances in early diagnosis and treatment, the morbidity remains high. The survival rates remain poor especially for castration-resistant prostate cancer (CRPC) patients, with cancer usually recurring within 2-3 years [3, 4] . Although the androgen-related signaling axis plays an important role in the tumorigenesis and progression of CRPC, other pathways may also significantly contribute to castration-resistance. At present, there is limited treatment strategy for CRPC [5, 6] . Therefore, understanding the mechanisms of CRPC and searching for novel strategies to enhance the therapeutic efficacy are urgently needed.
Traditional Chinese medicines (TCMs) have a long history of cancer treatment in China. With increasing evidence from preclinical and clinical studies, it is accepted that TCM is an important complementary and alternative therapy because of its valid anti-tumor effect, lower price, and toxicity [7] . Hence, there is an urgent need to develop safe and effective anti-prostate cancer drugs derived from Chinese herbs.
Paris polyphylla, a traditional antipyretic-detoxicate Chinese medicinal herb, has been extensively applied in cancer treatments for nearly 2,000 years. Paris polyphylla has been reported to possess anti-cancer properties in various cancer types [8] [9] [10] [11] . However, there is little research on Paris polyphylla's effect on prostate cancer. In this study, we evaluated the potential anti-prostate cancer effects of Paris polyphylla ethanol extract (PPEE) in in vitro and in vivo.
Materials and Methods
Cell Culture PC3 cells (The Cell Bank of Chinese Academy of Sciences, Shanghai) were cultured in F12K medium (HyClone) supplemented with 10% fetal bovine serum (Gibco), and DU145 Cells (The Cell Bank of Chinese Academy of Sciences, Shanghai) were cultured in RPMI 1640 medium (HyClone) supplemented with 10% fetal bovine serum (Gibco). Cells were maintained in a humidified incubator with 5% CO 2 at 37°C.
Preparation of Paris polyphylla Extract
The raw herb Paris polyphylla Smith var. yunnanensis (Franch.) Hand.-Mazz., originating from China, was purchased from a supplier in Jinan and was identified by Prof. Chuanjiang Ma (from The Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan, China). An authenticated herbal voucher specimen was deposited in The Affiliated Hospital of Shandong University of Traditional Chinese Medicine.
To prepare the ethanol extract, dried Paris polyphylla was extracted with 60% ethanol under reflux for 2 hours. The extract was filtered, and the extraction was repeated. Subsequently, the filtrates were combined, concentrated, and then water precipitated. The extract was refrigerated for 12 hours, then filtered, and the precipitation was dried into powder. The total saponins of Paris polyphylla ethanol extract were greater than 80% as determined by an ultraviolet-visible spectrophotometer at 406 nm with perchloric acid as the chromogenic reagent.
Cell Viability Assay
Cell viability was assessed using the Cell Counting Kit-8 assay (CCK8) according to the manufacturer's protocol (Dojindo, Shanghai). Cells were seeded at 2 × 10 3 cells/well in 96-well plates and incubated with gradient concentrations of PPEE at 37°C for 48 hours in a humidified chamber containing 5% CO 2 . CCK8 solution (10 μl) was added to each well, and the plates were incubated for 1 hour at 37°C. The absorbance of cells at 450 nm (OD450) was measured in a microplate reader (Thermo Scientific, USA).
Cell Apoptosis Detection
Cells were harvested, washed in ice-cold PBS, and resuspended in 200 μl of binding buffer before being incubated in 5 μL of annexin-V-FITC (BD Biosciences, San Diego, CA, USA) solution and 5 μl of propidium iodide (PI) at room temperature for 15 minutes in the dark. Subsequently, 200 μl of a binding buffer was added. Cells were analyzed through flow cytometry. Untreated cells were used as double stained controls.
Cell Cycle Analysis
The cell cycle was assessed using the GENMED Universal periodic flow cytometry kit according to the manufacturer's protocol (Genmed Scientifics Inc, USA). Cells were seeded at 1.2 × 10 5 cells/well in 6-well plates and incubated with gradient concentrations of PPEE at 37°C for 48 hours in a humidified chamber containing 5% CO 2 . 
Western Blotting
Protein sample preparation and Western blotting were performed as previously described [12] . Blots were incubated with primary antibodies against β-actin, PARP1, Bcl2, Bax, Caspase-8, and Caspase-3 (Cell Signaling Technology Company) overnight at 4°C, followed by appropriate peroxidase-conjugated secondary antibodies. β-actin served as an internal control. Visualization of the immunocomplexes was done by an enhanced chemiluminescence detection system (Millipore) followed by exposure to X-ray films.
Animal Experiments
The anti-prostate cancer effect of PPEE in vivo was evaluated in a PC3 xenograft mouse model. BALB/c nude mice were grafted with 2 × 10 6 PC3 cells via injection into the right flank. After the development of a palpable tumor (2 × 2 mm minimum 14 days post-engraftment), animals were pair-matched by tumor size and treated by intragastric administration of 0.9% sodium chloride, or PPEE (50 mg/kg and 100 mg/kg) or 5-fluorouracil (5-FU) every day. After a 21-day treatment, tumor tissues were collected for hematoxylin and eosin staining and immunohistochemical analysis. All animal experiments were approved by the Ethics Committee of The Affiliated Hospital to Shandong University of Traditional Chinese Medicine and accordingly conducted.
Histopathological Examination
For the histopathological examination, portions of PC3 xenografts were fixed in 10% formalin. After proper dehydration, the tumor tissues were embedded in paraffin wax. Sections (5 μm) were prepared and stained with hematoxylin and eosin.
Statistical Analysis
A paired Student's t test was used for analysis of statistical significance between the control and treated groups. The comparative data were expressed as the mean ± SD of at least three independent experiments. Tumor weight and the rate of Ki67 positive cells were measured and presented as mean ± SEM and compared by means of one-way analysis of variance (ANOVA). p < 0.05 was considered statistically significant.
Results
PPEE Inhibits the Growth of Prostate Cancer Cells in vitro
To study the effect of PPEE on the growth of human prostate cancer cells, PC3 and DU145 cells were treated with various concentrations (0, 0.5, 2, 8, 32, and 128 μg/ml) of PPEE for 48 hours, and cell viability was determined using CCK8 assay. In this study, we chose cisplatin as a positive control. We found that the IC50 of PPEE on PC3 cells was 3.98 μg/ml and the IC50 of PPEE on DU145 cells was 8 μg/ml ( fig.1) . Experimental results proved that PPEE had a weaker anti-cancer effect on prostate cancer cell viability than cisplatin.
PPEE Induces Apoptosis in Prostate Cancer Cells
Having observed significant decreases of the viability in prostate cell lines exposed to PPEE, the induction of apoptosis by PPEE was assessed. As shown in figure 2A , the gradient concentration of PPEE induced apoptosis in PC3 cells, while cell necrosis was rarely seen. The proportion of apoptotic cells increased with increased drug concentrations. Similar results were found in the DU145 cells ( fig. 2B ). The result confirmed that PPEE could induce apoptosis in prostate cancer cells in a dose-dependent manner.
In order to study the mechanism of apoptosis induced by PPEE in prostate cancer cells, we first detected expression of PARP1 which is a molecular marker of apoptosis. As the drug concentration increased, expression of cleaved PARP1 was enhanced in both PC3 and DU145 cells ( fig. 3) . We further examined the molecular markers of endogenous and exogenous apoptosis. The result showed that PPEE reduced expression of Bcl2, while it enhanced expression of Bax. Similar results were found in both PC3 and DU145 cells. Furthermore, as the drug concentration increased, expression of cleaved caspase-8 was enhanced in PC3 cells, while expression of cleaved caspase-3 was enhanced in DU145cells. In summary, apoptosis of prostate cancer cells was induced by PPEE through endogenous and exogenous pathways.
PPEE Causes Cell Cycle Arrest in Prostate Cancer Cells
To examine whether PPEE inhibits cell proliferation via cell cycle arrest, we performed flow cytometry analysis to investigate cell cycle distribution after PPEE treatment. The result showed that a low concentration (1 μg/ ml) of PPEE had little effect on the prostate cancer cell cycle. When the drug concentration was 2 or 4 μg/ml, the proportion of cell cycle arrest in the G0/G1 phase and G2/M phase remarkably increased ( fig. 4A) . However, DU145 cells were mainly arrested in the G0/G1 phase in the presence of higher concentrations of PPEE ( fig. 4B) .
PPEE Inhibits the Growth of Prostate Cancer Cells in vivo
In order to prove the effect of PPEE on prostate cancer in vivo, a prostate xenograft model was established. PC3 xenograft tumors were allowed to reach approximately 10 mm 3 2 weeks post-implantation, at which point treatment of different doses of PPEE or 5-FU was initiated. As shown in figure 5A , treatment with PPEE induced an anti-tumor response in PC3 xenograft development in a dose-dependent manner in which the highest dose demonstrated an effect similar to that of 5-FU. On day 21 after completion of therapy, PPEE at 100 mg/kg resulted in a tumor volume of 333.01 ± 34.77 mm 3 , which represents an inhibition rate of 51.05%. Furthermore, PPEE at a dose of 50 mg/kg resulted in volumes of 450.51 ± 34.77 mm 3 at day 21, representing inhibition rates of 38.78%. Consistently, image of tumors excised from the mice after sacrificing at the end of treatment showed that PC3 xenograft tumors in the PPEE treatment group were obviously smaller than in the control group ( fig. 6A and  B) . Tumor weights in 50 and 100 mg/kg were 65.50 and 49.84% of that in control group mice, respectively (fig .  6C ). It is worth noting that PPEE treatment did not cause obvious body weight loss throughout the course of the therapy (fig. 5B ). The result of histopathological examination showed that cell density of xenograft tumors in the PPEE treatment group was significantly lower than in the control group (fig 7A, 7B) , which confirmed the in vivo anti-prostate cancer effects of PPEE.
Discussion
Although chemotherapy has been considered a historic milestone in the treatment of prostate cancer, resulting in considerable progress in the prognosis of prostate cancer patients, the overall survival rate has remained basically unimproved during the past decades [4] . Additionally, severe systemic toxicity of chemotherapeutic drugs has limited their application. Therefore, the search for novel therapeutic agents to improve the clinical outcome is highly desired. Antipyretic detoxicate is one of the predominant treatments for cancer in Chinese medicine [13] [14] [15] [16] [17] . As a kind of heat-clearing and detoxicating herb, rhizomes of Paris polyphylla were shown to exert potent anti-tumor effects and have been widely used in TCM in the treatment of cancer for approximately 2,000 years. Nonetheless, there is little research on Paris polyphylla's effects on prostate cancer. Our work presented here demonstrated that PPEE showed a profound inhibitory effect on human prostate cancer in vitro and in vivo by inducing apoptosis and cell cycle arrest with few toxic side effects to the host.
In the present study, the antiproliferative efficacy of PPEE on prostate cancer cells was measured by CCK8 assay. The results showed that PPEE inhibited cell viability in a concentration-dependent manner for PC3 and Cell cycle deregulation is a hallmark of cancer cells. Targeting aberrant expression of proteins involved in critical cell cycle progression has turned out to be a productive strategy for cancer intervention [9] . FACS analyses showed that PPEE dose-dependently induced G2/M arrest of PC3 cells, while it induced G0/G1 arrest of both PC3 and DU145 cells.
Previous investigation suggested that induction of apoptosis is one of the main mechanisms underlying the anti-cancer effect of rhizomes of Paris polyphylla [8] [9] [10] . Here, we observed that PC3 and DU145 cells underwent apoptosis after PPEE treatment as assessed by Annexin V/PI assay. The percentages of early and late apoptotic PC3 and DU145 cells were both increased as the PPEE concentration increased. In order to study the mechanism of apoptosis induced by PPEE in prostate cancer cells, we first detected expression of PARP1 which is a molecular marker of apoptosis. As the drug concentration increased, expression of cleaved PARP1 was enhanced in both PC3 and DU145 cells. We further examined the molecular markers of endogenous and exogenous apoptosis. The result revealed that apoptosis of prostate cancer cells was induced by PPEE through endogenous and exogenous pathways. 
Conclusion
This study demonstrated that PPEE exerts anti-prostate cancer effects by inducing apoptosis and cell cycle arrest. In the xenograft model of prostate cancer, PPEE also exhibited potent anti-tumor activity. These findings revealed that PPEE has potential therapeutic value in the treatment of prostate cancer.
